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COMBlt~ED TENSIOt~ M'D SIIFJ\R 1'ESTS OF H.FADED CONCRETE ANCIIOR STlJDS 
• by 
Patrick J. ~fc~1ackin 
... _ 
-~~ A BS'I't!.t\C'I' 
Tests of concrete anchor studs under various loading conditions 
were conducted. TI1e results are evaluated and compared \vith existing 
theory. Empiri ca 1 relationships are presented .. for certain loading 
• 
conditions that provide a more realistic representation of the ultimate 
strength of concrete anchor studs than those in current use. Design 
recommendations are suggested·for some of the conunon Icfcfding conditions 
encountered in practice. In the case of loading conditions involving 
g:r.ouiJs ·o.f· anchor s:tuds :closely spaced ~rther investig_a_.-ti,ons are 
.,. 
• 
·:r:e-q,:1:i.ted:. :Lim_it:ati_ons ·o·f the applica.b~lity of exis.t.i:ng design for-
i£.. -- ..,,. 
m:u-.l;c:1.~s .. are ·d.ls·cus s ed. 
. .... 
J 
, 
~-
• ;.s.., 
d,e:scrj:b:e the b~hav-i.or· o.f an:cho:r ·studs wJ.th ful:1 etnb.~ciment l~n_gth .i11 
·1 
\ •. 
• 
. : _, . -'. '. 
, " ..r:...:. ... • 
. ett-her··J.i_gh(.ti;-1e:ight,, ot re_g'11ar· con:c_r~·t·e :with :a ·s·.irigle. ·equatfon. 
. 
. ~,. . 
• 
A~hor 
' 'J 
a. . 
'St:ttd·s w.ith. p.ar:t_fal etnbedm~_nt~ lengt.h$ rna:y·· ~lso~·be. ev-alu~_te:d by· a 
equation of. s-i-ml.1'-ar'. form by stibst.ft.utfot1 o.f t:be u:lt:fmat~ :s=t .. re.ng·tli --of ,, ,, ... '. . 
, "'l , I ,. ,) • 
. .. ,.)th'e-~cbno.rete failure corie in place hl the· l.lltimate strength .of the I 
, ' 
,, ,,<e ... steel anchoa;- stud,. T.11:e eq~ons· ::d:evelo.ped prov:i-d.e a mo·re u.ntfo:rm .-.j • 
margin of safety· ·fo:r: these lo·,acfftrg conditions th.an ·p;revi.ousl,y a.¢.hiev:e.d •. 
. 
,. The par~ial embedment condition for. lightweigh~t co-fict·ete s.ho.ul.q ·be 
0 
.,. r "It.. ,;,•, ,, 
' . .f;'' 
verified~~Y addlti~pal. tests. 
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A more reasonable estimate of the reduced capacity for anchors 
w i th f u 11 e rn b c cl 111 en t i n no r n1a 1 \v c i r, h t co 11 c r c t c 1 o a cl c d in pure t c n s ion a t 
var i ou s d i s t n n c c• s fro rn a fr cc ~dee w a s a 1 so ob ta in cd • The t run ca t e d 
shear cone appro~ch ,-1as sho,-m to be considerably in error .for this 
loading condition. 
Also considered in this investigation were anchors with adequate 
shear embedment in normal weight concrete loaded in pure shear near a 
free edge. The design recommendation presented for this condition 
was sho,m to be more reaso11able than the existing equation which ,vas 
developed for inserts rather than headed concrete anchor studs.: 
Fi-n-all-y ,. ancho·rs- with p~:r:t:i:.a 1 embed men t in =n·o.rma 1 ,-1e·tght qo11;c·.r1et-e 
-w~·te: te . .st-ed in pure ten.si:cr1: i,n ,ot..de-r .to develop f.:ull ·sh·ear con~-f>.~ A 
. \. ' . . . 
s·ati:"s:f:~ctory ;relati·on:sh.i·p·· .-f·o:r t·he} o~pa.city of thes:e ~rncbor: s·tud'.s: wa$ 
als-o. ob:t:ained. 
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ABSTRACT 
Tests of concrete anchor studs under various loading conditions 
were conducted. The results are evaluated and compared with existing 
theory. Empirical relationships are presented for certain loading 
conditions that provide a more realistic representation of the ultimate 
strength of concrete anchor studs than those in current use. Design 
recorrnnendations are suggested for some of the cornmori loading condition·s 
encountered .in practice. In the ca_S'~- o_:f: Joa·di:,ng conditions involving 
groups of anchor studs closely spa-c~~-d ci.~rtli·e-r i;hvestigations are 
required. Limitations of the app.+iq~b-:il.ity of .. existing design_ £gr·--
mu.las are dlsc:ussed. 
cl~:$Ct-~.b:e th.e b.ehav·io.r Of ~n.cho;r $tu..cl;s w:L-tn fii"ll e.iil.bed:rn.~nt :·Ieng.th in ..
s·tud·s wi"th par-tial.: em]?edrtien~t: 1.engths .. may :also b.e ev_alµa"t.ed· by a s·ingl~:-
'.~ 
ieguat·:.ton ·ct£ -~.i.miia:r :f:q_r.rrt :PY .su.b.s·ti.tJ.it.-i·on of .. the u1.t.imqte ·.s·t:r¢qgt:11- of 
tJte cotic·tet.e failure. con~ it1 p·lac·e .o_f· th-e ul.tima.t-e strength· of ·th:e: 
.• 
g:tee1 a_.n-chor stud. The:- e·.quat:iqns .develop.ed· pr.ovide a mo.r:e ,-q.nifQ~. 
'mg.·_rgin_ .. 9.·f safety fO.f fhJ:~se_ lqad_ln:g, conditions th~tn. previously· a~Jiieyecl'. 
' 
'The part:ictl .eII1bedmerit. ·cond.it.ion f·or. lightweight c_oncrete should b·e 
v.erif ied by -a.dq:i-._ti.onal t··es.-ts. 
·J 
.... -~ 
. ' 
... _ 
' 6 . 
:.,.; 
·~· 
A more reasonable estimate of the reduced capacity for anchors 
with full e1nbed111ent in norrnal \.Jeight concrete loaded in pure tension at 
var i o u s d i s tan c es fro n1 tl fr cc e cl g e \,J ~1 s ~1 1 so o b ta in e d . 'l'h e t run ca t e d 
shear cone approach was shown to be considerably in error for this 
.loading condition. 
Also considered in this investigation were anchors with adequate 
shear embedment in normal weight concrete loaded in pure shear near a 
free edge. The design reconnnendation presented for this condition 
was shown to be more reasonable than the existing equation which was 
.c!eveloped for inserts rather than headed concrete anchor studs. 
,Fitia·lly, anchors with partial embedment in normal weight concrete 
we.re tested in pure teris1.on in order to develop full shear cones. A 
satisfactory rel:ati.on,s.hip £:or tb:e capacit::r of these anchor studs wa.s· 
also obtained. 
·,,. 
,. ,";;•,''''., 
".d···· 
2 
. -.;. ,,. ~· -. 
'4? 
.,· 
0 
'· 
• 
... 
1. INTRODUCTION 
The increasing use of headed concrete anchor studs under combined 
shear and tension loading has resulted in a need for more information 
on their oehavior and strength. Some typical cases of this type of 
loading encountered in design are shown schematically in Fig. 1. They 
provide an efficient method of joining steel and concrete members and 
al.low greater use of composite steel-concrete systems. The anchor 
embedment length for this combined loading case is also in question 
because the minimum length required for pure shear and pure tension i:s 
quite different. Additional inform~tio.n on anchors subjected to pur.e: 
1shear· and ·pure: ten:·s.ion. at· ·a f·ree edg.e. is also needed. 
s·tud:s ·s:ubj:e.c:.te.d to: ·c.tombined. shear· ·and f:ens.:iori loading.. Empi:ri ¢·al 
re·1:·~.:t:· .. ~onships we:re. de.veloped. aricl coJripa·re;d: w·1.th1 .exis·t·in:g· theory and .. 
·•. ·d.e.si.gn. :guicles p.rovi'.d~d· :ih ·lteifs ... l ah.cl .2·. Co.r1tinu.~.ng inv·e·stig:a·t:fo·n d·f 
•.. 11" 
W1.L ·•·· 
. . ' 
.-:. : 
I 
qu~r:t.e.t· ·in.ch d·iameter anc·ho·rs wi.th· :full te·nsil¢ embe.'dment in both 
.... 
:comparis.on. J:1:tre·e-:quatter :Lrtch· :diamete.t anchd.-rs wi;th· partial. ·emb~.dme1:1.t: 
'/;. 
:.~ 
.) .<:... ,• 
" 
, . 
'· 
in normal welght concrete made up the remainder of the primary tests. 
In addition to these pri1n:1ry tests, 3/Lt-inch dian1eter anchors subjected 
to pure shear and pure tension near a free edge \,1ere also studied. The 
respective minimum embedment lengths for these two conditions were 
used. TI1ese tests ivere per forn1ed in norma 1 weight concrete. Fina 1 ly, 
3/4-inch diameter ancl1or with partial embedment in nonnal weight 
concrete were tested in pure tension in order to allow development of 
the full shear cones. 
r 
i 
-,,. 
-~ 
.... 
• 
-
~ 
.. 
-~ 
., 
1: 
... 
2. REVIE\,J OF PRESEN1' 'l'IIEORY 
2.1 Basic Concrete Theory 
The existing theory for designing headed concrete anchor studs is 
being used with a certain degree of hesitation due to an incomplete 
... 
understanding of exactly how the anchor-concrete system interacts. A 
brief review of this theory follows for the purpose of comparison 
with the recorrrrnendations of this program. 
According to this theory, a number of _fac't·o:r·s-. can affect the 
u.1.t:fmate: c.o:Q.crete :stten·g,th .'of: a headed concrete an.char stud. They 
1.:• f1Jll or partial. sh:e-a-r con~:~ 
2' -. ·Center- to- cent~r art.chat spa.cin·g: 
3·. Boundary co:nd.:i..'t.io:t1s-
-6. -At·ta.ch.ir1g_ plate= thic~n;¢ss: ·· 
.. 
i .• -~-· 
,6. 
.it1vesti.gat.ion,. th,ey w._il.l. rtt)_l: be t.reated in this r~vi~w :9:f -exi:s_:tirrg: 
. -
•. ·:,. 
j: 
5 
,, 
·- •_; ,..~·-·· 
•• 
. \ 
~-
2.1.1 Full or Partial Shear Cones 
111e dcvclop111ent of n full concrete shear cone is said to 
occur a t u 1 t i n1a t e on 1 y i. f th e anchor i t s c l f i s s t r C) n r; er than the en -
casing concrete. This theory also states that a full shear cone can 
develop only if adjacent anchor centerlines are at least a distance of 
2£e + dh from the centerline of the anchor shear cone, or no edge 
boundaries are closer to the cone than le+ dh/2 
where 
le - embedment length, in. 
dh - head diameter of the anchor, . i.n·. 
The ful.1 cone concrete pull-out capacity of the encasing c·o.rictet'e, 
:f 
Puc , is cont.ro.ll·e.d by. the e·m·bedment length and the diagonal tension 
capacity of the con::cre·t·e... The diagonal tension is said to. ,a:ct p·e..r-
pendiculc:fr to t:he· lateral surface area ·d.f ·the coric.-rete.. A.pp~n_di.x A 
. . 'h 
.. . .. ' contains· t e· expr-~s-~ i~ln t·o.r _th·e ult irnate tapaci ty, P.. . , and· a ~k·e.tcJ;i 
· · · · uc· . 
• 
Jn desii:1· The co;rit.rolli-ng :factt>rs w;il-1 t1s.tially ·be anchor c~tJ.te:r, to 
.·l 
c:enter. spacing; :or· ed:ge b·ounda.ry· c .. ond;i.tion·s,. this- £a:ct led to the 
:\ 
•• 
l 
:sp,a~:it1g of an.chars is less tha1J.: 2.te, + d:h.~ a red:ucti:on in ~on<:!re:te· 
c:a·pa.Gi:t·y is -ri.-e_cessitated. The- '.exts.tirig .. theory· s·tate-s that· ·th~ :q:apa,et;t_y· 
' 
6 
;. 
,..: . 
/ ·:. to. 
i . 
:~·-
... 
) 
' 
the Gone. In Appcndi.x B, the expression for the pnrtial shear cone 
shear cone surface are a i s pr cs en t e d ;1 1 on g \.Ji th th c co r respond in g 
reduced pull-out capacity formula, Eq. (Bl). Reference 1 contains 
tables of reduction factors for various combinations of spacing and 
embedment length. 
2.1.2 Concrete Shear Strength 
Headed concrete anchor studs are involved in two distinct 
conditions of concrete shear. The first condition exists where there 
are no edge boundaries such as a free edge involved. The surrounding 
or encasing concrete's shear capacity is then limited by the pull-out 
capacity '(fu·11 te·nsion shear cone). This results from the conditions 
shown in Fig. Cl~: :in Appendix C: wh~n d. is equal to or greater than e 
4 .i . 
··e. The value of S ' comp.µ:t_ed ·in :Eq. :(cl} sh.ouid ·not: ex·ceed P US UC 
The other :special cond:itfon exists when :ancho:rs ;c;l;r'e· t·~:r~:cl.e·d itt 
' 
• 
she.q)." to:wa:rds a tree. edge .• Thi_s occurs in Fig. Cl when d -is less than .. · .... e. 
_J 
-Tn-·i shefaJ~- capac-ity is b.ase·d on ._an em·pt-tical :rela~.ionship .and is; 
jected to. c_ombj_ned. pull-out anc:l sh·ear: forces:. .Itr e·o,ns.ic;lerirtg. ·the con-
crete, the.se coinbitied load.s 'shoµld. s&ti·s-,fy Eq. O(DlJ i11: Appe11.di~: D. 
1i,_ 
,,. .. 
.• 
" . 
I 
L 
\ 
·""' 
2.2 Steel Design Equations 
Al 1 of the design e:•:pressions and conditions discussed above apply 
only to the concrete capacity. It is possible that the ultimate 
strength of a connection may be controlled by the steel properties of 
the headed concrete anchor studs. The design relationships presented 
in Appendix E apply to the headed concrete anchors as controlled by 
the steel properties of the material. Equations (El), (E2) and (E3) 
are expressions of the anchor tensile strength, anchor shear strength 
and combined loading strength respectively. 
8 
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3. TEST PROGRA}1 AND SPECir-fENS 
3.1 Control Variables 
The test program was developed after the controlled variables 
were selected. The variables considered were the type of concrete 
(i.e., normal or lightweight), connector length, angle of loading 
(for the combined shear and tension tests), and free edge distance 
(for the pure shear and pure tension tests). The diameter of the 
anchors was held constant at 3/4-inch with the exception of ~hree tests 
.ori 7/8-inch diameter studs. The concrete compressive strength was 
a.ls·o treated as a one leve I factor. 
J.2 D~scription of Specimens 
I 
The anchors we-re embedded 1·n: :twelv,e b:eam.s:. Nine of: the b~_ams ::wet-:·.e 
no.rmal weigh.t c(,ne.t·e·te •. ·The r'ema_in_ing thre.e :b,e_aIIi:s were· made wf_th. 
sh·ows a schema.t_.ic. c;ff a t-ypi'C!al ·t:est b:e:am-.. I:n_. e>:rd.'itt: to faci l.i'tate 
harid1in~ ~nd: ·te.s_t.ing> ea-.ch b_e·arri was ca.$t :tn· 7--.foot: long segm·ents- ,a·s; 
:iJ1di·cat~d iri F·ig. 2. A.11 .beams were c·as:t ·W:ith th:e :s.tuds. ·tn a: ·vertical 
... 
:post·t:19J1. Tlt:tee· ··forms w:e·r·e mad,e. -.sd: t:.h:at: thte_e: ·beam s,egmen-ts could be 
'···:::.;'t,\ 
· l 9 
j ' 
• 
,.. 
3.3 Test Program 
H 
A total of 60 concrete anchors were tested during tl1is investi-
gation. Twenty-six a11chors i.,rerc tcs tcd tinder cornbincd tens ion and 
shear loading and the remainder in either pure shear or pure tension 
for varying free edge distances. 
All of the concrete was obtained from a commercial central mix 
plant. Table 2 contains the concrete strength information for the test 
beams. Although it was desired to obtain concrete with a compressive 
strength near 3500 psi, all beams had substantially greater concrete 
strength at the time of testing. 
The experiment design cons:ider-ed as variables the connector length, 
-~-yp-~- of· concrete, and type of loading_. Studs 3/4-inch in diameter with 
b·otb f'lill (7 in.) and :p~rtial (4 ··.in.) em'bedment lengths were tested 
·updet: ,cJ)rrtb.in·ed· -sliea·r an·d: 'ten._s i(>"rt l.oad irig'.:. The 7 in. fu11 ernbedment 
( 3")" length wits deve.J.o,p.ed in :ear:l_i.-er st:t1d:les' .· ·-··.. Thi'$ _1,e,n_g:th was shown .t.o 
be c.tc;le_quate- to de_velop the· .anc,hor ·c·apacit.y i.n 3000 p_s·-i nclrtfial we·i:ght 
co.nc:,;t:t:e.. _Tho.s·e with th.e :fu·ll ~robe.dment we:r,.e t·ested in both rto.rmal 
pa-r-tiirl em.bedment ·were als:o t·.ested at· various- fre.e edge d:istances, iri · 
·nQrma.1 ·we:i.ght eoner~t'e ti.ntfe_r _::pure tens::ion loc;:1:ding. Anc.h;ors with 
. 
~ 
. 
.. 
• 
·-.·. 
, 
All of these tests were performed on 3/4-inch diameter anchors. 
The head d i ;un c t c r o f t h c s e s tu d s \./ ;1 s 1- l / I+ i n . '111 e c n n c rt· t c corn p re s s i. v e 
strength of the beams at 28 days ranged from l+060 psi to 1~910 psi. Six 
additional anchors, 3/4 in. x 8 in. were also tested in lightweight 
concrete under both combined and pure tension loading. Since earlier 
studies had provided an embedment length necessary to develop the 
anchor in 3000 psi normal weight concrete, an increased embedment 
-length was believed necessary for lightweight concrete. Finally, three 
7/8 in. x 8 in. anchors were tested in normal weight concrete under 
both combined and pure tension loading. The head diameter of these 
anchors was 1-3/8 in. Three 3/4 in. x 4 • in. anchors were tested in 
normal weight concre.te under pure; tension. 
Only loading .a·ngl.es o·f 30° and 60° were· ·u.sed fo:r :t:f1e combined .. 
11 
-,.; 
"-.~~: 
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4. TEST APPAI\A'rus 1 PROCEDURE 1\ND 'l'ESfCf RESUL'I'S 
4.1 Test Apparatus 
The shear load for both the pure shear and combined loading cases 
was applied by a 5000 kip capacity Baldwin hydraulic testing machine 
through a loading rig designed specifically for this test program. 
The 200 kip load range was used during the conduct of the test. A 
hydraulic ram mounted on a jacking frame applied the tension load 
component. Figures 3 and 4 show details of the loading apparatus. 
The ·pull-rod which was used. in conjunc:.tion. with the hydraulic ram 
c1nd· jacking frame was calibrated and- 4t'ilized -as a load cell:. It was 
:ca·librated in such ·a wa.y that th-e _t~n-si'.011 l·oad coulcl b.e r~~d (:lir-ect~y 
o·n a digit:a.1 s.:tr:a.i:fJ l.nd·icato.r-. The sl~:eci.r load wa.s read direqtly from_ 
the: '.toad indic~t:or _d-i:al on· -tli_e. tes>ting machine. 
n.·ef_:le.cti:ons were. ,1n_eas-.ured :by the µsE! o·f t;:wo tnecha-rt·fca.1 -di-al :ga.g.e:s. 
sl;1_ows the instrtimerttation u_sed J·n tbe ·combined.. 1-oa·ding: ·te.:$·:ts _ •. 
4 .•. 2; ..... Tes t~i:ng: '.P-roc'e.·d.ure 
For the .. comb:ined -s_hear and ten-~~-pn_ loading c·ortd.±.tio.n, :.bo·.th. :_Jpa·d 
,ind.ic:ating. sys.tern·:~, were c_onnec:t:e.d to an X-Y recorder.-. 
. . 
. :-~ 
12· 
-------------------------------------· 
0 0 pr c d c t e rtn l n ed 30 or 6 0 1 in e wn s drawn on t 11 e graph paper and th c n th c 
t\.JO operators proceeded to lond the ancl1or sinn11 t;1neously. By kcepi.ng 
the recorder pen on the load line, the desired loading angle was 
maintained reasonably constant. This procedure eliminated the use of 
incremental loading. 
In order to further facilitate the loading procedure, the dial 
gage readings were taken "on the run". The points at which deflection 
readings were to be taken were also indicated on the plot prior to 
testing. The approximate time for a test was ten minutes. 
Since the combined loading specimens were of primary concern in 
' the investigation, these were tested first on each beam. The anchors 
under pure tension at the free edge were tested next and the anchors 
.und,er pu·re sh~_ar a·t the free ·edge were tested last .. -. 
In ·-a· ntmiber· _of instances.,. th.e failure :motl:e- o·::f: .tbI~ :cdmblned ·10.aq..±ng 
-$_·pec:imens, pr.eclu·ded any addit:i.o,na·.I .tes:tB .f: .. rom: :be·i.n&' ·pe.rfo.rme.d. 
·4 .•. 3: T.es .. t Iles·u:1-ts 
t:hi-s test-ing p-rogtam-. -Howeve,r, o_n;Jy 6·o te,sts, we.r.e actually p~rfotmed:. 
:Figure 6 ,shows the· s:pli.tt.i11g mode o.f failure- fcJ.r· ,Be·am: Dl. 
,: 
l-3 
-
f 
( 
they were not actually physically disturbed, the sections of beam 
which re111ainL·d \.Jere not large enouv.11 to provide a be:1rint1, surface for 
th c j ;1 ck i n g fr ;un c o r ad c qua t e edge c n v c r f o r n s a t i s fa c t l , r y t e s t . ,_111 i s 
accounted for 14 of the 34 tests lost. TI1e ren1ainder of the specimens 
were lost as a result of large cone pull-outs which developed in the 
combined loading specimens. Figures 7 and 8 show typical examples of 
this type of failure. Only free edge condition specimens were affected 
in this way. All 26 of the primary combined loading specimens were 
tested successfully. 
The loading setup and procedure utili:zed was successful in 
achieving the desired combined ~ension and shear load condition. A 
problem was anticipated prior to the start of the p.rogram with rnain-
ta.lttin:g. th~ combined ·loading at .a constant a.ngJe of 30° or 60° for all. 
iQ?d: l·e:ve.ls~ The method :us_ed proved :to. be a. s·at.isfac·toty· s·olution. 
d1ev·iq. t;io.n: qf. tJ1e 1.0B:.d· vectot·-s was wi.thi·n t:'he ra.n·ge: of plus or: minus. two· 
"' 
degrees. -·This .. ,Pennitt¢d: ·th·e load.s· at tf1..tirnat·e to be deterntfn:ed. ·with. 
r-:e.as-onable a·ccu:racy. 
shear load. A.s shown. in ·Fig •. ·= 4, the s.·he·ar load wa...s applie.d· :t:o the 
stud throµg:h a 2. i.rt .. x 2· in.. x l/2 ·in.. :p·la..t~ 4t Qcc9,·s·.iona'l ly ,. dtir:±ng. 
applied,. ~he .l<?~ci:ing· ·ptate .. d'i..d ·nclt a..lways: bear ... fullJ.7 acr.os·:s the 2 • lJJ.. 
I.. ,1 
~ .. 
... { 
l4 
:rl,.;._ .• 
• I 
. 1 
~ 
width. n1is proved to be of little consequence, however, since the 
situation cnrrec ted it se 1 f aft er a sn1a 11 an1oun t of load has been 
applied. 
In two instances, the plate rotated and caused its bottom edge 
to dig into the concrete. However, it was believed that this had 
little effect on the results. Although the plate may have come into 
bearing, it had little influence on the anchor capacity as directly 
comparable results were obtained with tests of the same size, location 
and loading in which this difficulty was not experienced. 
i.5 
,;., ... 
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5. DISCUSSION OF RESUL'fS 
.. 
5.1 Anchors Subjected to Combined Loading 
TI,e primary objective of this program was the investigation of 
concrete anchors under combined shear and tension loading. Three 
categories ~.;ere considered: anchors with full embedment in normal 
weight concrete, anchors with full embedment in lightweight concrete 
and anchors with partial embedment in normal weight concrete. The 
concrete compressive strengths were about 5000 psi in this study. 
However, since the embedment lengths used were developed for much 
(4) lower strength concretes , the applicability of these test results 
to other conqret:e Strengths is re9-Sop.a"bl~ p_rov-iding that the embedment 
./ 
.. 
length is .·t"J;1-e same. 
t.est:s p:la-tte.d ·vtit"h tens·iqn load as or·dinat~ a:nd s.hectr load as a~s:cj_:ss:a. 
S·fnce the pro,g.ram· .dt"cl- n_o·t ·j..nc·.lud:_e arty anchors ·sub:jec·t:ed to pu~e shear, 
.. 
t:es:t d'.atg: re·por··ted iti .Ref. 5 .w~re., used for ·this cor1_dJ~tion-.: An embe.d·-
tnent 1.engtli o·f J. inches (..4 d.iameters} was: :ttsed -for :these s·hear t.est:s •. 
Hence·,: the· use o-f t:he.: shear ·valu·e·s shown -irt :Figs. 9 th:rou-g;h· 11- a:re a· 
co:rts:ervat·iy·e ·~·s'-t.iJJ}at·e for· :th.e lori"ger embedment condi·tion •. · Th.e 
''.]\i:.gute 9 su~q:r._ize .. s the r-e.s.u.rts of: :the anch·crr st:ucfs w..ith .full. 
1 ~ 
t·e:tlsile embedmeri·t. leng:th t-e}rt.ed in not,;nal wei:gh:t. coQ..c.r·et:e.: A-n· 
.16 
.• 
. ' . 
e 11 ip t ica l interact ion curve of the form 
p 1 5/ 3 \ 
us 
) + p 
us 
- 1 
was found to be the best fit of test data. Where 
p 
us 
s 
us 
p 
us 
s 
us 
-
-
-
applied tensile load 
applied shear load 
tensile capacity of the anchor - cru A
9 
shear capacity of stud - 1. 10.6 A ·f· 'O ~ ;lE :Q. ·44- ·~ .p 
.... s: C· ··c US 
-. ' -
. -. 
The shear connecto_-rs a:nd anch·or stud·s had di;rec.tl_y (Z:omparable 
-Ctr .~; 64 kst) and excee·ded ·th(; roirtimuni- t·ens:ile 
. u 
(1) 
tensile strengths 
capacity required { 6) by ·the AWS Specif ic.ati:on;·, · · • .Siri.c·e: :th:e comp.r.es-siy:E3 
.. 
~-strength of :the: ·nptiila.1 we.ight c··o.ncret:e: ·w~:$ 500·0 -p·:si.-, th:e: -slte·ar 
ca.pa:_city of the an¢hor:s was. taken equal to: thei·r tenslle capa·:city • 
. . 
-
P . . /A and· ·s· IA: 
us · s. u·s -:~ 
wa.s. not_. a_s s-ign±fican·t. gnd :only s:·.1ig.J:1t· :;Lnc:r·eases in th·e loc:1.ds_ .. we-re .,. 
at ta:i.n·ed: • ·· 
. 
. 
.. ;;..· 
..... . ...... 
Anchors were also tested embedded in lightweight concrete. The 
results e:.:hihitt~d cc)nsider;1hlv rnorc variahiJitv than those tested in ~ 
. 
the norn1al \.;eight concrete as illustrc:1ted i11 Fig. 10. 1\vo anchor 
lengths were examined. However, as is apparent from the results, the 
concrete strength was high enough so that no appreciable difference 
could be attributed to the anchor lengtl1. It is probable that an 
increased length is necessary for anchors embedded in lightweight 
concrete with lower compressive strength. There was a substantial 
d . h h h f h d · h ( 5) ecrease 1n t es ear strengt o t e stu sin pure sear • This 
has been discussed in detail in Ref. 5. 
Equation (1) is compared with the test data for embedment in 
lightweight concrete in Fig. 10. The tensile capacity of the. :auo·h·o·rs, 
was again taken as 64 ksi since their full capacity ·was clevelo.p·e:ct. l·n 
direct t·~n:sJ:pJ1. The shear capacity wc:is de.te:rrnined from Eq. {2 ): a,s: 
...... 
:s ..... . 
\lS 
-whe,re: 
·.: ,, ..... 
A·. 
s 
' 
. . 
:~ 
--
.. 
1, .. I06 A. :f ,o,. 3 E ·o. 44 
. S c. . C 
-Conc·r·ete.· Mod:µ_lu.:s of .'Elas t.ici ty,: ksi 
Cs e:t~ AdI Cod-'2··.,. A~t .. 8 ... 3 --~-1): . 
(.2) 
Th.i$ r:~_su·lte·d in a- sliear stren:.g.th o.f_: s;o· k.s'i. .-i:t is ,again a:ppar·ent that: 
:Jtq... ( 1} prov.t..cie:s· :;:i;, rea:s:ona:b:le fit· t.o the :te.s?t d,at·a and· accounts fo-1.7 th:.e - . ·. . ... 
ligJttwe:Lght con·cret~:. 1:· ·. j 
. ' . --.... --:-:- . 
References 1 and 2 have suggested a combined tension and shear 
re 1 a t i on sh i p for t h c u 1 t i ni:1 t e s t re n g th d es i g n con d i t ion o f 
where 
2 2 
/ p ( 8us \ I us 1. 1 + ~ j 
\- I pus \- I Sus ) 
p 
us 
' 
' 
- 0.9 aA 
u s 
S =0.75aA-
us u s 
( 3) 
Equation (3) is also plotted in Fig. 10. It. is· readily apparent that 
Eq. (3) does not provide a uniform margin of safety for all conditions 
of combined tension and shear. It does not reflect the r~duction for 
li:ghtweight concrete nor provide a uniform margin for :th:e c.o·mbined 
t-:ension and shear cond:it_i.ons • 
. ,·• .. '.· . : . 
·A better design rela.tionship .i,s prov.id-~d ·b:y ·Eq.. {1) ·with an· appfo-
pr·ia.t:e .;reduction· factor c.p. A tin1.£orm cp f ac:·t_or of' 0. 9 :for. -t.1!::t:'.i.ma.te.: 
s· •: -:~.-. o-.• 9 x· 1.-. ·to··6: A .£· r·(J. 3· E O •. _:4·4· ~ 5·4 A 
Us· ;S C ·C, . . S 
.. p 
. us. 
p 
·us 
5/3 
+ 
.s 
us 
5/3 
19 
.• 
<. 1 
(.4:a) 
. . 
(4:b} 
(5). 
"· 
Equation (5) is also plotted in Figs. 9 and 10 and provides a good 
u 1 t i n1a t c s tr en g th d e s i g n cs t i 111a t c • 
Figure 11 shows the results for full embedment in both lightweight 
... 
and normal weight concrete as well as the results for 7/8 in. diameter 
anchors in normal weight concrete. Equation (5) is plotted for com-
parison with test results. Both the design curves for normal and 
lightweight concrete are shown. 
The final category considered was that of anchors with partial 
embedment (4 in.) in normal weight concrete. Figure 12 contains llhe 
results of these tests along with the best fitting interaction rela-
tionship, Eq. (6), and the ultimate strength design condition provided 
by Eq. (8). Thes::e· eq_u~tions are. ·developed in the following paragraph. 
·Th·ese re:la·t·ions.h±ps w~r.e -d•eveloped from tlte crit·erLa suggested in Re_f.s .•. 
·. p· 
. UC·. 
-· 
' .. ---
:p 
UC 
+ 
·/ "\ :5/.3 
s . ': 
·:uc ,. 
./ l 
5/3-
_j ·-~ "J' 
\1• S. . .. I 
, -- UC I \ . . ;. 
'·\ ,'i. 
·• 
- tensile $t:,;:en,gtl1. o·f .. a :ftil 1. :s,h-ea:r ,ccine· ~-- k±p.s 
- 0. 505' C ,c··_:i_ ··.+· ·d'· \ £_,e·_·. ·_ ·· __ r_ f_·_c_._·' ,~ :c'.Y A 
··· e. h 1 v · · :µ · .·s- , 
2I\. . ·.u.: 
.. 
• 
S ' = 1. 106 A f 'O. 3 E O. 44 s a A 
UC SC C US 
£ = 
e 
dh --
I 
f -
C 
C --
embedn1en t length, . 1n. 
head d ian1etcr of anchor, in. 
compressive strength of concrete, ksi 
o. 75 for "all lightweight concrete", 
0.85 for sanded lightweight concrete and 
1.0 for normal weight concrete 
(see Section 11.3.2, ACI (318-71):). 
Equation (6) i:s in reasonable agreement with the test data. The 
capacity in pure tension is slightly less than estimated. The 
. 
capacities for the 30° and 60° loading conditions are in reasonabl·e 
agreement. It: is a-gain· .a_pparent that Eq. (4b) provides a bett.~r: 
es:timate .o·.-f the :sh:ear ~:a,pacit.y than the val.ue·· suggested by ·Ref·$·>~ l a.rid 
2 . 
... _. 
lt · ... r·.e $.u_. •. • ·s :1n: 
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:·....:.. J ' ' . . : . ·f 
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The failure modes were basically of four types: failure of the 
anchor, severe cc>ncrete cracking, concretl' cone pull-out nnd splitting 
o f t h c t c s t b ca n1 • F i g u res 6 , 7 , 8 and 1 3 th rough 2 2 sh o \,J c xn 111 p 1 cs o f 
the different types of failure modes. 
An interesting point to note is the very ductile behavior of the 
anchors in both the full and partial embedment cases. Figures 20 and 
21 contain details of anchors showing this ductile behavior. Figure 
, 21 also shows part of the cross-section of one of the split lightweight 
beams. 
All of the results obtained fo·r the combined loading specimens 
indicate that the design formµIae suggested in Refs. 1 and 2 are 
inconsistent and provide a- va-tiable margin of safety. 
s·.·2 Anchors Subjected to Tens.>i.ott Loading at a :Free: :;E_d:g.~, 
-The investigation of a:n.c:J:1Jirs with full. embedrn.e_n·t: in normal we,ight # 
.cor1crete ~: loaded in -ten-si.on at vario-1.is- free: .eti,ge distance:·s was one -of 
the- sec:;,011d._ary :case_s cortsidere.d· in tJ'.1.:iS :Progr:atn_·_.. Th.e. result·s are s:um--
ma.riz:ed: :in Ft.g:. .2.3. in the :·f.ctrm ·o-'f a. p:I-q·t:- ,p-f. :r-oad versus fre-e ·-eclg~: 
·dis,t.ance. 
p.ee.d.-ecl. to d,eve:.10.p the, ·full ¢a.pJ1.c.lt:y -o.f· _ t·he 3/4 _.x 7 _i.n.. }tnc·ho:rs. .For ,th:e 
.. : . , : 
·depth -91: embe_dmeti.t at1d :concrete strength o,f ·th,e test·s sunnna:tiz·ed. :i.n' 
, Fig. 2$., tl:ie _p:ar:t.ial s·hear cone provi.ded b·y aii edge ,q·.is·t:?.11,.ce of drt_ly· 
one ihch should develop t:he, anchor c~pacit:Y(l,Z). Tt is apparf:'!nt 
2:·2 
'. 
...• '. .. 
.• 
·, 
from the test results that tnis is not true. Only about 60% of the 
an c 11 o r ,.J as d c v c l op c d a t an c d g c d i s tan c e n f 2 in . TI1 e r110 d c 1 s u g g e s t e d 
in Refs. 1 and 2 overestimated the anchor capacity. 
A better estimate of ·the anchor capacity is given by 
where 
p 
UC 
p 
UC 
' ' 
' 
2d 
e 
L 
e 
p 
UC 
' 
is given by Eq. (7a) 
d - distance from the£ of the anchor to the e 
. 
free edge, in. 
·t· .. 
·e: 
- ful 1 ·tensile ernbedment l·en.g.:th, 
l'b~e. t·:nti:ca1 ·failu·re ·mod.e :J:.o:r this type of loadf:n.g· ::i.}f .sltown. ·1J1 
(9) 
in .d.es 1.gn, anchor c.en.te.,r- t.o- c;en.tet ·spac:in.g;s· .Qr :~d.g:e bo.undary· c:ondit:t.o:rrs 
ot:her' .facto.rs in ·m.ind~ Con:sid:er, for examp·l·e:, .a: c:l.u.stefr· :c:'.lf ,a.nc]iors 
... 
:·!fli:e· poss:Lb:ility :o·:f f~:il-:i11g aJ1 ertti:re t:runc.a.t.·ed J>yramid. of concre:te 
:ta:t·her than 1.n·diyi.Jlt1.al. sl:J.e.a.r· ¢ .. o.n:e·s: ··mus:t -b·e ... con$·:i..de.red:- This: might 
,. pq·s:s.io.ly tesul.t in a:n even 1.pw.¢::r· ¢·.a:pa:¢i_:t:y: t:han es.'timat.ed_. j~rom: :co·ns'-icfet-· 
.ation of individual atichors .. . . ... ·• ~ . . . . .. . . ·- . . . . ' ' . . . 
. •. -.1~·· 
5.3 Anchors Subjected to Shear Loading at a Free Edge 
The other secondary case considered i.n the invcsti.gatinn \tJtlS that 
of anchors \vi th adequate shear ernbcdrncn t in norma 1 ""eight cone re tc and 
loaded in shear at various free edge distances. The results are pre-
sented in Fig. 24 where the load is plotted as a function of the 
edge distance. As was the case with the anchors loaded in tension at 
a free edge, the edge distance was measured from the centerline of the 
stud to the edge of the beam. 
References 1, 2 and 8 have suggested that the capacity of studs 
subjected to shear loading near a free edge is given by 
·s 
·uc ' 
- ~- {2. 5 d 
e 
- 3. 5) (10) 
wh'e.re 
.. 
'):h·.~.· ·t· ~:'9 t 
., 
:st:rengths pr_ov·i·d·.e·d b_y th·e experimen~... Tt w.9-.:s: als:c'.>- .noted .in Ref.. 1. 
.. d -1 
:s 
·u· ·c· ! ·. •. -· 
. , ,. - ., .. e· 
::. :·sti C: (--· .. --2:r--·· . , .......... ··. ·--·· ) 
. (:1 ~) 
.8 
·2:4 
.•. 
::.,: . .;i_~ . 
","('-" 
where 
s 
UC 
d 
e 
' is given by Eq. (7b) 
= distance fron1 the <i of the anchor to 
the free edge, . 1Il. 
L = a~equate shear embedment length, in. s 
The results also indicate that an edge distance of about eight 
inches is required to develop the capacity of the stud. 
5:.4 Comparison of Predicted vs. Actual Capacity of Anchors Loaded 
in Pure Tension 
Finally, 3/4 in. :x 4 irt. ,_anchors in normal weight concrete ·were 
t:est:·e.4 in. pttr.e teti:s:Lort t.o :Permit fhe d.evelopment of full shear con·e·$:. 
The res·µJts ar:e stmnna_r_fze:d. i.h F"'ig .•. 25. Th.e predicted artch.or· ·capacit_y 
is :r;c:>m.pc:i:red_ .. -wi-fh t-:ht? .t:e.·s.t· ·res:ul.ts. Als.o plotted: a.re :·re,stil.ts o·f: t.es ~'.s·: 
cp:, = 0 .. 8.5 .. , 
. 
It i·s app:~:r-~_nt.- £::ram: ·the results sunnna'.riz.:ed· .lt'i J?'i;gs'-•. 12 'and ·25· ·th~t. ... 
... 
... 
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6. DESIGN RECOM?-fENDATIONS AND cor-fPARISON 
WITH EXI s·rrNG ~fE'fHODS 
The analysis of tl1e results of this testing program have led to 
the follo,,.ring recormnendations for both ultimate strength and allowable 
stress design. These suggested relationships are compared with those 
presently available for headed concrete anchor studs. 
6.1 Combined Tension and Shear Loading 
6.1.1 Full Tensile Embedment 
1. Ultimate Strength Desi_gp -- ·E.cf. (:5) 
p 
us 
p 
us 
' 
5/3 
+ 
\ 
.' s.. .· 5/"3 
·i U_· s_· )· :$ l. j 
'; ·""."""". ' . 
\Su$ ·.·· 
wh-ere )?
0._.··._ .. s .. q.P.id S a:r:e t:he: a:p·.p·l.ied fi~--~_q.:r.e.4 lo.ad-s· . U.S: 
, .. 
p 
· .· as 
p 
as 
p: 
·US 
.·.~. 
,s: 
. :u_s 
' 
' 
5/3 
~ .Q .• .::9 -er .A _. :;:·· 54 A U· S. . . :S:: 
. I 
A. f··. '0: •. ·3 E·--:· 0:.:44 .. ·.: ·5.·_.4·· .. A·· :;::: : . . . . . . . .' . ::;;; . . . . . 
:S· :C . .. :c . . s· 
+ 
. ·S: 
... 
as 
s . 
itS: • · 
.. 
where P and S are the applied loads. 
as as 
P = 0.5 A a = 30 A (kips) 
as s u s 
s 
as 
= 0.553 A f •0. 3 E 0. 44 ~ 30 A 
S C C S 
(kips) 
References 1 and 2 suggested a combined tension and shear relation-
ship shown in Eq. (E3) for an ultimate strength design. The expressions 
developed in this investigation provide a more uniform margin of safety 
for all conditions of 9ornbined tension and shear than those previously 
used. Also, Eq. (E3) makes no provision for a reduction due to 
lightweight concrete, while this factor is considered in the above 
recommendations. 
·.•· 
6. 1. 2 P·a.r·tia:l Embedrnent 
1 • ·u:1 t irna t e St reng·:th. ·De.sign· .... ·Eq·., -(8) 
... ' 
··p 
.. uc:-
-
s:./J 
I +·· 
; 
-/'"". 
'S 
·uc 
~-- 1. 
'· .. 
' . .. ' 
:P ·=· :0 .• 4·3· .c:_.(·:_$-e··· +.: ·dh .. ) .J.i. :/f · · · ~- 54- A .(l<:±.p.s:) 
UC ·. ..· e C S 
;. ,·i.. 
• 
2. Allowable Stress Design 
\ 5/3 ' 5/3 p s \ I 
ac i ac 
+ .s 1 
p 
/ s ac ac 
where P and S are the applied loads 
ac ac 
I 
P - 0.22 C(1e + dh) 1 /f ~ 30 A (kips) 
ac e c s 
s 
ac 
- 0.553 A f 'O.J E 0. 44 ~ 30 A 
S C C S 
(kips) 
As was the case with the anchors with full tensile embedment, the 
design formula suggested in Refs. 1 and 2 for anchors with partial 
embedment also provided a variable margin of $·a.:fe:t·y. This expression 
.0 
is shown in Eq. (Dl). 1 It was determined ·tha.t; E.q:. (8) was a more 
Sq..tisfa.c:tory d-esc:rtptio·n. cJ·f the. ultimate s·tr.engt.h ·desigp: ·condition. 
("( . ' 
- p .... 
·uc 
··2·-···d 
. -·· .. 
L 
.. e 
e. (9) 
.. 2·a 
:1 
.-~-----------------------------· 
·j 
\ where 
p 
UC 
d 
e 
' is given by Eq. (7a) 
= edge distance from the centerline 
of anchor, in. 
L = full tensile embedment length, in. 
e 
Appendix B contains a surmnary of the present theory for reduced 
capacity of anchors loaded in tension near a free edge. The test 
results show that this approach is incorrect and overestimates the 
actual capacity. Equation (9) presents a more reasonable estimate 
cf the reduced anchor capacity.: 
·6:. 3 Shear Loading Near a Free Edge 
1.. The full shea-r capacity ca.n 1?~ us.ed. wh·en the .an~ho:r fs. 
:loca:ted 2·1, . ··p .. r .more :away f:r-om th.e· f_ree. e:d.g:e. s: 
< ... 
- ., , .. 
8uc 
·-~ 
=· :s 
··.u-c : . '· ... 
' 
.d - 1 
.. e __ _ 
'2L. 
s 
~-
8 ' l;s g_._i.y~n by :E:q:. '( 7b) t.i.c: 
T 
L, 
,.·:s 
. - . -- i 
•. 
.1.:fl'. .• 
Equation ( 1 l) provi.dcs 11 more raasonablc esttmate of the capacity 
of anchors lo:tdt·d in purt· shenr ne:1r ;1 free edge· than Eq. ( 10). 
Equation (10) is the e:•:prcssion presented in Ref. 1 which ,a1as developed 
from tests on inserts rather than headed concrete anchor studs. It 
is excessively conservative and does not indicate a limiting edge 
distance value. 
6.4 Anchors Subjected to Pure Tension with Partial Embedment 
1. Ultimate Strength Design 
·2.. A.·11:owabi-e, s:t:r.-e0SS: :De·st:gn 
. 
., .. · 
-
- . I P· ·=, 0 .. 2;2 C ·-(_ ]_. _ · + dh- :) t- -1~£ . ~·- 3 0 A -(_.ki:-p·s")_ . : 
· a:.c · ·e ·. -.·· · e .v·:. ¢ · · ·s. 
This ·e·$tlmate· of :anc-h:o:r· _cc.rpac:f"ty -f.ot· a £u:l.I .. _shear· cone· ·and part-ict.L 
-etnJ,>~dmertt :is .in .-agreement with the· :formulation presen:te.d :in :Re.f •. l .: 
·This: ·f.or_Itlµ.l~t:t:o.n . is presented iii Appendix A. 
6. 5- Fu~t:u-r:e ·R.esea:"rc-h. 
:o-f-: iJi.tere_s-t: f.o:r ·furth:er stu~f~_-s. :.A.n1011g- "the- c_onditlo.ri-s t'hati .wa.rtaitt· 
in,.y.e-sJ:i-g-atio.11 a·r-e the f·o·l low-ing: 
., 
• 
~---------------------------------· 
----
1. Partial cmbcclmcnt with tension and combined 
1 o ."1 d i n g i n l i g h t \,J e i g li t c o n c r c t e . 
2 • Tens ion .:ind co n1 bin ed 1 o ad in g on c 1 us t er s o f 
connectors in lightweight and regular concrete. 
3. Shear loading near a free edge in lightweight 
concrete. 
4. Shear near a free edge with loading parallel to 
the free edge for lightweight and regular 
concrete. 
5. The affect of concrete strength on all loading 
conditions except full embedment with tension 
loading in regular concrete. 
6., Studies on types of in·$~.rts .Q.tp~.r than h·ea.d.e .. d 
c.oncr .. ete .anchor 's.tu:ds. 
.-. 
fli: 
... ~.,--~----
,. ·.;., 
.. 
• 
~-
'· 
... 
-.,.. 
.. 7. CONCLUSIONS 
Tite findings of this program are not intended to be exact solutions 
to the situations that were considered. The results obtained are 
empirical and present reasonable estimates of the capacity of headed 
concrete anchor studs in the situations of interest. While additional 
research is certainly warranted, the information obtained in this 
investigation should present the designer with workable and more 
satisfactory solutions to anchor stud design problems than presently· 
available . 
The: results· :ot' th.e t.-e:st.s. ,on· :an.ch.ors wit·h fu.11 err{bedme.t1t in rtorma:l. 
iri .1-ightwetg·ht c~Jn:cret·e l_tJad:ed: .in eombinec;l- shear and tei1s.io·n we.:r'e q.lso 
·Tb.e. ancbcrr stud·s w.i'th· .. pc;t~(tia .. l. emb.e·dmen·t .in no:pna..I :weigh:t coricr-et·e 
t.:e~fsbnab:ly c:1.e·$¢ri.bed l:>y the inte'ra:c.t_it>n qu;rve :give.tr by EJq:. (8). The 
'lilq._rg'ih of ·safety f0,1:': pur-·e· :tension and. :the Jo 0 · _lq'ad..fng ·ca,s.es was· not 
3'2 .. ' ' ,• 
.~· 
-- ·:. ., 
J 
-
Figure 23 shows that about four inches of edge distance is 
re q u i r c d t o d < • v e 1 op t: h e c: a pa c i t y o f n n ch n rs w i th 7 in . cn1 be cftn en t 1 en g th s 
lo.:.1ded in pure tension in norrnal t,Jeight concrete. 'rhe trunc;1ted shear 
cone ( 1 ' 2) ,.,as observed to over est i.rna te the anchor capacity. I~qua t ion 
(9) provides a more reasonable estimate of the reduced anchor capacity. 
The results of tests on anchors with adequate shear embedment 
in normal weight concrete loaded in pure shear at a free edge, indicate 
that Eq. (11) provides a more reasonable estimate of the anchor 
capacity under this type of loading. 
The test results of anchors with p.artial embedment and full 
sh~car· cones in normal weight concrete loaded in pure tension indicate 
that the capacity predicted by Eq. (7a) was reasonable. 
:33· 
' ., ' .. 
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APPENDIX A 
FULL CONCRE1'E SHI;:t\R Cc)NE ,\ND PULL-OUT CAPAC I 1i' 
Tile full cone concrete pull-out capacity can be expressed as: 
where: 
i:n· Fig·. Al. 
/' 
... , 
p 
UC 
- 0 16 (t + dh) /f ' t e c e 
= 0.85 
16 = a constant 
L - embedment length, e 
• 1n. 
dh - head diameter of the stud, in. 
' f - 28 day concrete strength, psi C 
(Al) 
:F .... ' - ultimate ful 1 concrete shear cone s::.t:r·en.g··t'h p·.:·e··.r: UC 
anchor, lbs. 
2. £··. . c1·:: . . +· . . ····..... .·· L 
.. . e· ,, 
,· ,.. 
4-t 
I 
I 
/ 
I 
I 
/ 
1-50 
I 
i 
.I 
I 
·j 
__ j___ ~_9N~RETE SU!<SACE 
CONE FAtlUR.E PLAN'E 
SURFA.CE AREA .A =-JI! tr-·C]. +d.J: ·· ·.o · · ... · e · e. f.i. 
'HEADED CONCRETE ANCHOR 
F .. igur~: ~.:'l Full Concre.te: She.~::P :.G:orte'. 
.. (' 3.41 
-
I 
APPf~ND J X 13 
PAR1'IAL CONCRE'l'E SHE.1\R Ct>NE ,\ND REDUCED CAPACITY 
' ' Tite reduced capacity, P , is given by the following expression: UC 
where: 
p 
UC 
' ' Apo 
Ao 
p 
UC ' 
Apo is the lateral surface area of a partial shear 
. 2 
Ao 
p ' 
. UC 
cone, 1n. 
is the lateral surface area of a full shear 
. 2 cone, 1n. 
is determined from Equation (Al) 
' 
Tl.ie :te,rin Ao is obtained from the following:: .A.po -~- Ao - f A.o_p 
-·l .·(.· ..  .. _·· ...... :Iil ) ¢<rs.: ··_ -·. . · 
· 2te + dh 
0 
Aof 
xt 
. I_· - Ji 
.r 
·I , 
-~ 
.. 
.2 d ... 
. h +· .. ·· 
.2 
. .,· 2~-e + _~k- ,.., 
Pu.. 
I 
' 
-:The-' _ef·:fective sur:fa·ce -~r:e.c:1. o·t· the, :pa.r_-t;:ic1:l s-he.itr ct)ne ·wo.u1·d be 
_. A_po = Ao - 2Aop .• 
.. 
3.5. 4• 
.. 2 
m-
.. ~] 
.. _· l-~ 
(Bl) 
APPENDIX C 
CONCRE'l'E SI iE.:\R C,\P,\CI 'lY 
·-----,----------· -- -·- - -- -~----- - ~ 
I 
! 
' 
t--- - ----~j Su. 
• ,!J._ e .. 
. ;> 
• 
~EADED CONCRE~t ANCHOR 
If de · h 4 ° th £ 11 · · h 1 d b is greater t __a_rJ . J:.J, , · e · o owing expression s ou · e. 
e 
:US:ed::: 
·s . - ·© .• 7-.5 A _ . ':t:1 
··us s. · t1. 
wh:er:e: 
A = s.hank area o.f :_s.tud.,. £.n. 2· 
'·:s 
cr- .~: u:lt.imat·e t:e.ns-ile.. str-ength, o·f tht~ ,s.tu·d· s_ .-treel 
u 
1:f de· :is :~.e:s.s tha._n 4 ·f; _,, ·the cortc·r-e·te sh.e.a-r -,c:ap·~-~i:t:·Y :s_ho-uld .. :be. 
e-··-
·s-
trc: 
. ,' (C.2). 
~, ::;:. o ... 85-
d··e_· ::: :cf.1$'t~n-,~.e .f_rp_Ili' :(£ .Q:f :ail.ch-or· to: t:be:. f're:e ~~lg~::, in_.: 
,•; 
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APPJ~NDI X D 
COMBINED CONCRE'I'E TENSION AND SHEAR 
Combined pull-out loading (P) and shear (S) should satisfy the 
u u 
following equation: 
where: 
· . .,,, 
4/3 4/3 
~ 1 (Dl) 
·p and S are the calculated tensile and shear loads 
··uc uc 
p 
Uc. 
I :-
ands 
uc· 
respectively. 
are: ·the ultimate concrete capacities. 
.  
" 
.. 
d'· 
-
• 
APPENDIX E 
STEEL DES 1 ca~ EfLUt\'f l()NS 
The headed concrete anchor tensile 'strength is given by the 
expression: 
where: 
' P = 0.9 A a 
us s u 
A = shank area of the stud 
.. s 
(El) 
o._ti - ultimate tensile strength of the stud steel 
The shear strength is given by the expression: 
' S - 0.75 A a 
us . :s u (E2): 
Based ·011 the AISC Comme:nt:~try l. 6, •. 3.; F·el,ru~;ry· 19 69, the combined 
t:ens:fon {~ ) and shear (S ) s,h.ould s:a:t:is·:fy.- the fol lowi11:g:" t1 . ·u 
p 
c·1:1s.) 
.-p , r .· 
. US 
. ,· 
-
s 2 
.· u·s + ( . ·) :s, .. I .. · 
. US:, 
sJxett.r· loa.d:s tesp,ec·tively· 
·p ·' :and·· s, i· are the u.l t-ima·te: ,steel 
··· :us:- 'trs · · · ... ·.· · ·. · · · · · · 
·(E3). 
:\ .. 
\ 
APPENI)! X F 
NO'J',\ ·rr ON 
Ao lateral surface area of a full shear cone 
Aop lateral surface area eliminated by boundary conditions 
or overlapping shear cones 
Apo lateral surface area of a partial shear cone 
A cross-sectional area of the anchor 
s 
-C reduction factor for type of concrete 
~~ concrete modulus of elasticity 
L full tensile embedment length 
e 
·t adequate she?r embedment length 
S· 
f~c applied tensile load· 
p, 
a.·c 
P. -. 
. . a.s 
._. 
.P-
··uc 
:p-
·u.¢ 
·~-p 
UC 
··-
' 
.o 
a:pp:1:fe:d: ten:s-i 1..e load .. __ 
. . . . 
:a·110.wable: 't-e_nsile c~p·t(ci·t-y ct£: ,attc'ho,r 
a:P-P-Lieq. .. f:a:c_t_or:.ed. tens{·l.e: lo·ad 
ten~·iie capacity .of- c:oncrete· 
f l 
tiltii.mate· .t·e11s1::1e· c-ap_a·city of c"C:>n:cr.e.t.e fcft· '.1.oad.ing:: ne·a-r· a p l1C 
·p . . a_.p· ..P_.li·ed: 1fa·ct'o:red. "tensile: ·1oad 
. US· 
.~ 
P' it er}s:.-i,i ~- c:~=lP. •ac±:t·y· .. · of _ancho:t 
·u:s.' 
·3· 9-·· . . 
. . . 
'.@.. 
···.:1.· 
,. 
:,p 
·r 
----------------------------------------·-
-p 
us 
s 
ac 
-s 
ac 
s 
as 
s 
as 
s 
UC 
s 
UC 
s ' UC 
' ulti1tu1te tensile capacity of anchor 
a pp J i e d sh ear l o ~1 d 
a 11 cn._1a b 1 c shear cap a c i t y o f concrete 
applied shear load 
allowable shear capacity of anchor 
applied factored shear load 
shear capacity of concrete 
ultimate shear capacity of concrete 
s 
UC 
r I ultimate shear capacity of concrete for loading near 
a free edge 
S applied factored shear load 
us 
S shear capacity of anchor 
us 
s 
. us ' ultimate sh~a:r capacity of anc:h.o.r· 
.d .. 
e 
d 
·-··.h· 
distance from -ce:n·t:erli:ne :b-f anchor 't,o free: e.dg·e 
head: ·d.iamet·er: bf t:h·e ancho.r 
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TABLE 1 
LIGHTWEIGHT CONCRETE MIX 
Materials 
Coarse Aggregate SSD 
Sand SSD 
Cement 
Water 
DAREX 
'.S:lump_, 
A,-ir- _p·erc:Eirtt;-a_g.-E; 
. -~ -
Qnit vte:ight'; 
,, .. - ... -. 
. ·~, 
. 'p'· 
Quantity per cubic yard 
955 lbs. 
1350 lbs. 
-480 lbs. 
-2g-_5 lbs. 
·4--1/2 oz. 
3 :in·-. 
1 '2'1. '6 p--cf:, 
i, 
;-
;, 
"··· 
'"' 
'· 
TABLE 2 
AVERAGE CONCRETE STRENGTHS 
Beams 28 Day Strengths 
Comp. ( psi) Tensile(psi) 
3 A 4500 359 
B 4060 411 
:a .a 
... 
·c 4910 497 
1 
'· D 4660 467 : -, 
~ D beam was lightweight concrete 
·
2
· ·Tested at 3·_3: :days 
Testing Day Strength 
Comp.(psi) 
4900 
5180 
4 
5300 
Age 
(days) 
87 
85 
68 
58 
3 R·e'$t1lt .sus,.p.ect: due t.b· rton-un.:tform' becrr:ing: alo:ng -CY·lin.der, length ·durir1g t$st.itlg 
4 Average, density· of 121.~ pcf~ 
... :·,. ' • t:'! 
t 
l 
.;.: 
·~ 
•r; 
' 
.--.::, 
' 
.i... 
'· ,7 
·3Jti 
•. 
•. 
:stud _., 
Ji'1umb.e r 
Al-I 
Al-2 
, 
Al-3 
D3-1 
Al-4 
Al-5 
A2-4 
A2-5 
B3-5 
C2-4 
A3-4 
A3-5 
B3-4 
C3-4 
C3-5 
A2-1 
A2-2 
A2-3 
D3-2 
A3-l 
,I] 
,, ., 
ft 
Pu:re, ·TetYsion . .. . . . ... · - ~. •. . - . 
. f I. 
:n 
" 
It 
,r 
:.w:r 
·.··O··· 
·. Comb:inecl '9· ·-3·0: * 
u· 
,,. 
Comb.ined - 60° ........ - . . ' . ' 
• 
.. '.ri\BLE: .3' TEST· RESULTS 
·Lo cat-ion. ' . 
... . •, -. -_ . 
. 
'fiJ·: ~ 
,. f 
ft 
' -1: 
'.6<.fi f d 
· . · i~bm. ·.e . :$.e 
:.f.J 
Jl 
n 
a __ :: 
·L· 
II: 
S<,tud. Size 
7'' ;x 3 •. /4'" 
'' 
·r I. 
" 
7" X 3/4" 
H 
7'' X 3/ 4i-' 
u 
I I 
:,, 
7:1 x . 
. . 
,J/4'' 
jf 
:.,.' 
Jt 
.,, 
7"' X :3./4'J 
f I 
u 
I f 
7tr X 3/4 11 
• • Ultimate Load 
28.3 
28.5 
28.0 
28.7 
19.5 
1·a .. s 
3.t ... s 
·29:. 3: 
29:_ .. ::4. 
2:9:._4 
29.3 
28.8 
31.5 
29.5 
27.3 
23.7-13.6** 
19.1-11.3 
23.6-13.75 
25.6-15.4 
12.9-21.3 
Mode of 
Failure 
s 
s 
·s.: 
:s: 
C 
·c 
s 
s 
s 
:C 
·s 
.S 
:S 
,c···. : .. , .. 
$: 
·s 
C 
S: 
C. 
s: 
Remarks 
See Fig. 22 
See Fig. 13 
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Pure Ten~ion Specimens 
Combined-Loading Specimens 
Pure Shear Specimens 
SCHEDULE OF ANCHOR SIZES 
D Le dH Shank ( in.) (in.) (in.) Area ( in.) 
3/4 4 I l/4 
.442 
~:11 
3/4 7 I l/4 .442 
3/4 8 I l/4 .442 
7/e 8 13/e ·.601 
Figur¢ .2. Typi~~1 test Beam and Anchor Test Schedule 
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.. . 
'I 
• 
Figure 3. Apparatus for Combined Loading 
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~ · Hy9r~ulic · Rom 
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and Load Cel I 
Jacking Fr~. 
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.... 
Head of 
Testing Machine 
111 cf:, Nut. 
2 II X 2 ti X l/211 ft 
Figure 4. Cross-Section of Test Setup 
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-~ 
- -
-
-~ 
~-
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Figure 5. Photograph Showing Instrumentation 
For Combined Loading 
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Figure 6. Beam Dl After Testing 
Figure 7. Specimen Cl-3, 4' x 3/4", Pure Tension@~ 
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Figure 8. Specimens A2-7 and A2-8, 4" x 3/4", Pure Shear 
@ 6" from Edge 
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SYMBOL BEAM STUD SIZE fc CONCRETE D x Le ( p s i ) TYPE 
~. A 3;4 '' x 7 11 5270 NWC 
8 -· II II 4900 NWC • l/8 X 8 
X See Note 3 If 3" 5080 NWC ( I ) 14 X 
Notes: 
I. Values Obtained from Ref. 5 
100.._ 
2. This Value is Suspect Due to the 
Initial Orientation of the Anchor 
(at something other than 0°) 
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Comb_tne_d Shear and· Tension Loading (Normal Weight ·c.oncrete) 
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SYMBOL STUD SIZE fc CONCRETE BEAM D x Le ( psi ) TYPE 
A D 3/4 II X 7 If 5300 LWC 
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I See Note 3/4 II X 3 II 4300 LWC ( I ) 
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I. Values Obtained from Ref. 5 
. • .. 
100 .. 
.. 
80 30° 
.......... 
·-(/) 
..:tt:. 
'-"' 
(/) 
<{ 
' 
. ., 
0 
'~ <t 
0 
' 
'" 
Eq. I 60° . 
_J 
' z 40 0 
-U) 
z 
w 
t-
': 
20 Eq. 3 
') 
. 
,. 
.. 0 20 40 80 100 
. ·, 
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STUD SIZE fc CONCRETE SYMBOL BEAM D x L_ e ( p s i ) TYPE 
. 
A A 3 II 7 II 1"4 X 5270 NWC 
• B 7;a" x 8 ,1 4900 NWC 
X See Note 314" X 3 11 5080 NWC I. a 
A D 3h II fl ~ X 7 5300 LWC 
D D 3/4 II X 8 If 5300 LWC 
I See Note 3;4 II X 3" 4300 LWC I. b 
' 
Notes: 
I. Values Obtained from Ref. 5 for 
a. Group A Specimens 
b. Group E Specimens 
2. This Va I u e is Sus p e c t Due to the In it i a J Orient at ion of the 
Anchor ( at something other than 0°) 
---::::-- .....-.., ,  
,, 
' ,, See Note \' . 
2 \ ', 
\· 
\ \ 
. \ 
60° 
, 
Eq. 5 (Normal) 
Eq. 5 (Lightweight) 
0 ) 20 40 80 100 
SHEAR LOAD /.As ( ksi) 
Figure 11., Combined Shear and Tension Loading (Normal and. Lightweight 
Concrete) ~. 
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STUD SIZE fc CONCRETE BEAM D x Le ( p s i ) TYPE 
8 3/411 X 4 II 4900 NWC 
II II C 3/4 X 4 5180 NWC 
See Note 314 "X 3 u 5080 NWC ( I ) 
Note: 
I. Values Obtained from Ref. 5 
30° 
Eq.8 
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60° 
Eq. 6 
20 40 80 
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SHEAR LOAD/ A 5 (ksi) 
f.igure. 12. :Combined Shear and Tension Loading. (Norma.l .Weight· 
Concrete) .with Parttal Embedment 
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t 
Figure 13 . Specimen A2-l, 7" x 3/4", Combined Loading (30°) 
@ ~ 
Figqre 14, Specimen A3-3, 7" x 3/4", Combined Loading (60~) ', 
@ i 
.f, 60 
' 
Figure 15. Specimen Bl-5, 4" x 3/4", Pure Tension@ 
2" from Edge 
Figure 16. Specimen A3-6, 4" x 3/4", Pure Shear@ 
2" from Edge 
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.Figure 17 . Specimen Al- 7, 4" x 3/4", Pure Shear @ 
4" f r om Edge 
.Figure 18. Specimen B2-2, 4" x 3/4", Combined Loading (30°) 
,. 1f 
• 
@ i 
-62 
I . 
Figure 19. Specimen B3-l, 4" x 3/4", Combined Loading (60°) 
@ i 
Figure 20. Specimen CJ-2, 4" x 3/4", Combined Loading (60°) 
@ (t 
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Figure 21 . Specimen DJ- 2 , 7" x 3 / 4" , Combined Loading (30 °) 
@ <t 
Figure 22. Specirn.en Al-4, 7" x 3/ 4", Pure Shear @ 2" 
from Edge ~ 
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SYMBOL BEAM STUD SIZE fc CONCRETE D x Le (psi) TYPE 
A A 3 II II 5270 NWC 1'4 X 7 
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-:··.-; 
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• C 3/4 fl X 7 II 5180 NWC . 
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Eq. 10 
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Figure 24. Edge Distance vs. Shear Load 
STUD SIZE fc COi'-JCR ETE D x Le (psi ) TYPE 
3;411 x 4 11 5270 NV/C 
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SYMBOL STUD SIZE fc CONCRETE 
10 20 
BEAM D x Le (psi ) 
• Beam C 3/4
11 X 4 11 5180 
0 7 SH a,b 3/ II II 4 X 4 3000 
* 
7DH b 3;. II 313/ II 4 X 16 3000 
0 7 STH a,b 3/411 X 411 3000 
Note: 
I. These { *) Values Obtained from 
Nelson Stud Project No. 802, 
' 
Report No. 1966-5 Test No. 7 
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PREDICTED CAPACITY (kips) 
Figure 25. Predicted vs. Actual Tension t,oad 
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